Although injury remains the leading cause of death for children aged .1 year in the United States, 1 the overall survival rate of moderate to severe pediatric trauma is .95%. 2, 3 These nonfatal, yet serious injuries can have significant short-and long-term consequences on functionality and quality of life. It is critical to understand the epidemiology of trauma-related disability to improve prevention, acute care, and rehabilitation of these injuries. The ultimate objective of rehabilitation for injured children is to maximize function and enable return to their home, school, and community. 4 Functional status provides a practical assessment that is used to develop goals and treatment plans for rehabilitation. [5] [6] [7] A focus on functional outcome is valuable because improvements will enhance the child' s capacity to participate meaningfully in their natural home, school, and community environments.
Previous studies have examined longterm outcomes after pediatric injury. These have used large, older trauma databases, 8, 9 older versions of rehabilitation databases, 10 and/or were focused on specific injuries such as traumatic brain injury (TBI). [11] [12] [13] [14] However, these previous studies were limited by small sample sizes; restricted injury diagnoses or mechanisms; absent disability assessments after inpatient rehabilitation; or a lack of detailed injury data, clinically relevant outcomes data, or a pediatric focus.
Although quantification of long-term disability and quality of life after trauma is important to injury prevention researchers, acute care providers, and rehabilitation specialists, no current estimates are available from a contemporary, large cohort of injured pediatric patients that describe the physical functionality at the time of reintegration into society. Therefore, the aim of this study was to describe the distribution of physical disability among a large sample of children and adolescents who underwent inpatient rehabilitation for a wide range of disabling injuries by using a practical and clinically relevant grading system.
METHODS

Design, Setting, and Population
This was a retrospective cohort study of patients identified in the Uniform Data System for Medical Rehabilitation (UDSMR) database. The UDSMR is a nonprofit data collection and analysis service associated with the State University of New York at Buffalo. 15 The UDSMR maintains the world' s largest database for adult and pediatric medical rehabilitation outcomes, with .829 rehabilitation centers currently contributing data, representing ∼72% of the 1152 Centers for Medicare & Medicaid Services designated for inpatient rehabilitation facilities in the United States. Inpatient evaluation of each patient in the UDSMR is conducted by using the Inpatient Rehabilitation Facility Patient Assessment Instrument (IRF-PAI) 16 developed by the Centers for Medicare & Medicaid Services. The IRF-PAI includes demographic information (age, gender, and race/ethnicity), hospitalization and diagnostic information (length of stay [LOS] , payer, impairment codes, clinical diagnoses from the International Classification of Diseases, Ninth Revision [ICD-9] codes), and functional status via the Functional Independence Measure (FIM) instrument. All UDSMR patients aged 7 to 18 years who underwent trauma-related rehabilitation from 2002 to 2011 were included in the analysis. This age range was selected because the FIM instrument has only been validated for individuals aged $7 years. The sample was further restricted to patients who completed inpatient rehabilitation for an acute injury event, excluding those who had a readmittance to rehabilitation.
Exposures
The individual injuries for each patient were identified by using the UDSMR center-assigned impairment codes. There are 20 trauma-related impairment codes in the UDSMR database. The impairment codes are assigned on admission by the rehabilitation center according to each injury or injuries for which the patient is primarily requiring rehabilitation, as categorized according to the IRF-PAI. 16 Codes were grouped into the following 11 categories for the purposes of this analysis: TBI, TBI and multiple fracture/amputation, TBI and spinal cord injury (SCI), quadriplegia (complete), quadriplegia (incomplete or unspecified), paraplegia (complete), paraplegia (incomplete or unspecified), other SCI, SCI and multiple fracture/ amputation, burns, and other multiple trauma. These 11 categories were further collapsed into 4 categories: TBI, quadriplegia, paraplegia, or other.
Outcomes
Functional status of patients, the primary outcome of interest, was assessed by using the FIM instrument, 17, 18 which has previously been used to evaluate trauma-related disability at short-and long-term intervals in children. 9, 19, 20 The UDSMR database includes FIM measurements at 2 time points: at the time of admission to the rehabilitation hospital and at the time of discharge. FIM is a commonly used measure to assess patient progress, outcome, and disability that is composed of 18 items which express 2 primary domains of related function referred to as motor (which combines self-care, sphincter control, transfers, and locomotion functions) and cognitive (which combines communication and social cognition). 21 The absolute motor FIM scores range from 13 (full physical dependence) to 91 (full physical independence). The absolute cognitive FIM score ranges from 5 (full ARTICLE cognitive disability) to 31 (full cognitive independence). Motor FIM scores have been previously categorized into a clinically relevant grading 22 system, which has been validated in a variety of settings for assorted purposes. 23, 24 Explicit grade definitions were presented in tabular form previously. 22 Given the importance of physical functionality after severe injury, the primary outcome of this analysis was discharge physical grade based on the 13 motor items. The categorical grades of physical disability ranged from grade 1 (need for total assistance in multiple physical selfcare tasks such as eating, bathing, dressing, bowel and bladder management, and walking [heaviest care burden]) to grade 7 (able to complete all physical self-care and mobility tasks without difficulty, safety issues, or need for assistive device [full functional independence]). 22 Each grade defines a distinct set of thresholds for each physical activity that the child must, by definition, meet or exceed. By placing a ceiling on the maximum amount of assistance a child can require for each task and still be at a particular grade, grade thresholds convey the types of problems the child and his or her caregivers will experience in the transition from leaving the rehabilitation hospital and reentering the home and school system. Knowledge of the grade makes support needed and challenges experienced by these broad subpopulations of injured children more transparent, thus helping to establish clinical and support service care planning, coordination, and tracking.
Additional analyses were performed by examining the prevalence of medical comorbidities for injured patients via ICD-9 codes. Standard ICD-9 categories were used to group individual codes. The database does not differentiate between preexisting medical comorbidities and those acquired during rehabilitation.
Statistical Methods and Data Analysis
Standard descriptive statistics were used to summarize demographic variables, injury characteristics, and outcome scores. Derived variables included the mean delta grade (ie, the individual patients' average grade change from admission to discharge). A paired t test was used to compare these mean delta admission and discharge grades within each injury impairment code. Univariate analysis of variance was used to compare LOS across impairment codes. The 2-sample t test was also used to compare LOS between patients with and without an SCI. The LOS change over time (years) was examined by using the Kruskal-Wallis test. The association between discharge grade and average medical comorbidities was assessed by using Spearman' s coefficient. The x 2 test was used to compare the proportion of medical comorbidities for the major injury subgroups.
RESULTS
From 2002 to 2011, there were 13 798 patients aged 7 to 18 years who completed trauma-related inpatient rehabilitation for acute injuries, representing 523 of the 829 contributing facilities. Table 1 displays the demographic characteristics of the overall sample. The majority of the sample was older, male, and white/non-Hispanic, with private health insurance. Figure 1 shows the distribution of admission and discharge grades for 4 subgroups: TBI, quadriplegia, paraplegia, and other injuries. Although most children at admission to rehabilitation were at grade 1, by discharge the overall sample improved in functional independence with the most frequent grade of 4, and results were distributed across all 7 grades. This overall improvement was seen more notably in patients without SCI. Table 2 shows the median admission and discharge grades with interquartile ranges, the average difference between the admission and discharge grade, and the mean LOS for the 11 grouped impairment codes. Overall, TBI accounted for the largest proportion of children. SCI, either partial, complete, alone, or in combination with other injuries, accounted for 21.6% of the children. Across all diagnoses, children had uniformly poor functional status on admission to inpatient rehabilitation. Although nearly all injury types demonstrated improvements in grade at discharge from rehabilitation (P , .0001 for each), children who had SCIs (particularly those with complete cord dysfunction) had more severe discharge disability compared with those with TBIs, burns, and multiple injuries. Children who had isolated SCI or SCI with another injury had longer LOS when compared with those without SCI (P , 0.0001). Additional analyses demonstrated a slight decrease in the median LOS over time (15 days in 2002 to 13 days in 2011; P = .02), with the most significant difference found in those with discharge grade 1 (30 days in 2002 to 23 days in 2011; P , .001). In contrast, patients who had TBIs had an increased LOS over time (27 days in 2002 to 34 days in 2011; P , .01). Other analyses of children who had isolated TBIs revealed that younger children (ages 7-9 years) had less average recovery (mean grade improvement of 1.5 from admission to discharge, and median discharge grade of 3) compared with those aged 10 to 18 years (mean grade improvement of 2.2 from admission to discharge, and median discharge grade of 4). Table 3 summarizes the differences in the proportion of medical conditions for the 4 groups of impairment codes: TBI, quadriplegia, paraplegia, and other injuries. Most notably, patients who had SCIs had more overall comorbidities (P , .0001) and a higher proportion of genitourinary and digestive system conditions but a smaller proportion of mental disorders than those without SCI (P , .0001). Table 4 displays the average number of medical comorbidities for each discharge functional grade. A lower discharge functional grade was associated with a greater number of average medical comorbidities, ranging from an average 4.1 comorbidities for a discharge grade of 1, to an average of 1.9 comorbidities for a discharge grade of 7 (Spearman r -0.99; P , .0001).
DISCUSSION
To the best of our knowledge, this is the first contemporary assessment of physical disability resulting from injuries among a large national cohort of children discharged from inpatient rehabilitation facilities over the past 10 years. Physical disability at admission was universally severe (median grade 1) across the diagnostic groups. After a mean LOS of 3 weeks, functional limitations were reduced at discharge, but children still tended to have residual physical disabilities (median grade 4), with greater disabilities remaining in patients with SCI (median grade 2). More medical comorbidities were associated with lower grades and with SCI.
For our study, ∼70% of injured children overall entered inpatient rehabilitation at grade 1, documenting a need for total assistance in any or all 13 motor FIM items at that time. This finding suggests that perhaps only the most severely affected children are being referred for inpatient rehabilitation. Overall, children improved by rehabilitation discharge; more than one-half the population achieved physical grade $4 and thus no longer had severe or moderate disabilities, whereas children with SCI had minimal to no recovery of physical functionality. New knowledge about the proportion of children who achieve (or exceed) each grade at discharge from rehabilitation has major implications for clinical and support service care planning, coordination, and tracking as children reenter the community after their injuries.
This study complements existing literature on outcomes after injury in children. Various analyses have used the National Pediatric Trauma Registry, a large, nonpopulation-based cohort of injured children treated in trauma centers between 1985 and 2001. 8 Results using this database have described long-term outcomes of children with multitrauma, 9 isolated TBI, 20, 25, 26 and isolated SCI. 27 These studies concluded that there was a burden of functional disability after pediatric trauma, rehabilitation may be underutilized, and there may be disparities in outcomes in disadvantaged children. One older study of 3815 children aged 0 to 21 years who had TBIs requiring inpatient rehabilitation found significant improvement in functionality, especially in those who had higher initial functional status and shorter time between injury and rehabilitation. 10 A multicenter study of .300 children 5 to 15 years old with severe TBI from any mechanism demonstrated significant disability on multiple aspects of health-related quality of life scores, executive functioning, family burden, and emotional impact. 12, 28, 29 Similarly, a more recent prospective multicenter study of .900 children ages 0 to 17 years with TBI and upper extremity injuries found that quality of life was lower for children with moderate or severe TBI, which was influenced by persistent symptoms such as headache and sleep disturbances. 13, 30, 31 In another, more recent analysis examining .4400 children 7 to 14 years old with TBI, the authors found that children were more likely to have disability if the mechanism was motor vehicle-related or they also had severe fractures in addition to their TBI. 20 In addition, a recent meta-analysis of 28 publications showed that severe TBI results in poor cognitive outcomes up to 2 years after injury. 32 Another study of children aged 0 to 21 years who had SCIs demonstrated that long-term motor function depends on neurologic level and completeness of injury, with possible continued improvement after treatment. 33 Finally, 2 recent analyses using the UDSMR examined children and adults 7 to 105 years old with TBI 14 from 2000 to 2007 and SCI from 2002 to 2010. 34 The goal was to provide benchmarking information and inform facility-level quality improvement. Outcomes included gain in absolute FIM scores during rehabilitation and FIM improvement over time. Similar to the current study, the authors found in both groups that LOS decreased over time while Data are presented as mean 6 SD or n (%).
ARTICLE functional independence gains were stable. Because these were broad benchmarking studies, there were no subanalyses for pediatric age groups, inclusion of patients with non-TBI/SCI trauma, or use of clinically applicable functional grades.
Children in this cohort with SCI had more comorbidities, longer LOS, and lower functionality at discharge than those without. This was particularly evident in the quadriplegic patients, of whom 84% had a discharge grade #3. It is likely that these SCI patients do not regain physical function due to the inherent physiology of these injuries. Although SCI-related physical disability is high, even minimal improvement in functionality is beneficial to disabled patients and worth the cost of rehabilitation, 35 and children may continue to regain additional motor function months to years after SCI. 33, 36 In addition, SCI patients have more medical comorbidities than non-SCI patients, including ventilator dependence, pulmonary complications, autonomic hyperreflexia, deep vein thrombosis, and orthopedic complications. 36, 37 It is important to consider that pediatric rehabilitation serves a wide range of purposes in addition to improving functionality, including postacute care of medical comorbidities, patient and caregiver adaptation to current state, and maximizing remaining potential for reintegration into the school, family, and community to return to lives that are meaningful and fulfilling. 36, [38] [39] [40] [41] Low functionality at discharge was correlated with a number of comorbid medical conditions, with mental disorders as the most common system-specific comorbidity. This finding is consistent with existing literature demonstrating increased rates of and impairment from posttraumatic stress, anxiety, depression, and substance use in children who have severe trauma. [42] [43] [44] [45] Future study should explore in which populations these conditions are preexisting versus acquired, and how these conditions and other medical comorbidities affect LOS and gains in functionality across the acute care to rehabilitation spectrum.
Several study limitations should be noted. First, although the cohort included an overall small sample of younger children, it is likely representative of the most severely injured younger children, in particular those who have SCI, as these patients are the most likely to require
FIGURE 1
The proportion of the study population at each functional independence grade at admission and discharge from inpatient rehabilitation. Disability grades ranged from grade 1 (need for total assistance in multiple physical self care tasks) to grade 7 (full functional independence). A, TBI (n = 6297); B, quadriplegia (n = 946); C, paraplegia (n = 1244); D, other injuries (n = 5311).
inpatient rehabilitation. In addition, the brain continues to develop into the third decade of life, 46 and the functional implications of trauma in adolescents may be distinct from that of young adults. Another limitation of the database is the infrequent documentation of ICD-9 E-codes that describe injury mechanism, which necessitated omission from this analysis. Certain mechanisms have been previously associated with injuries requiring higher levels of acute care and rehabilitation resources, in addition to distinct patterns of disability. 47, 48 An additional limitation is the lack of information surrounding premature discharge from inpatient rehabilitation. In particular, this information could bias the results if a systematic group of individuals with certain diagnoses or demographic characteristics were discharged before completing a standard inpatient rehabilitation regimen. Finally, the FIM only measures functionality and does not focus on quality of life, and this analysis was limited to physical disability. Although there is no current consensus about ideal outcome measurements, functional outcomes are broadly applicable, and the grading system has clinically meaningful relevance for goals and treatment plans. [5] [6] [7] 22 
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CONCLUSIONS
Children with severe injuries have poor functional status on admission to inpatient rehabilitation but most benefit substantially from their care. Those with SCI, however, have longer LOS, more comorbidities, and lower physical functionality at discharge. Many of these disabling injuries result in moderate or severe functional disability, which can confer a substantial care burden over the course of the child' s life span. Additional assessment of functionality from more specific patterns of injuries should be explored to more comprehensively understand these relationships. Future work should also consider tracking disabling injuries in children, from prehospital care, to emergency acute care, to intensive care, and then to rehabilitation to identify opportunities for improvement. Although there is a gradually developing body of literature on the epidemiology of disability after injury, relatively little is known about if or how acute and rehabilitation treatments influence shortand long-term functional outcomes. Additional considerations for research include potential risk factors for functional and quality of life outcomes, including racial and socioeconomic disparities, mechanism and severity of injury, access to medical and rehabilitation care, and preexisting or acquired comorbidities. Because the current results suggest that perhaps only the most severely affected children are being referred to inpatient rehabilitation, future studies should explore factors associated with decisions to admit to inpatient rehabilitation, and whether those less severely injured may benefit from such intensive therapy. To more comprehensively understand the complexities of disabling injuries in children, there has been a call for action to more robustly collect essential pediatric trauma outcomes data through multicenter research networks, 49 in addition to suggestions for useful standardized outcome measures, [50] [51] [52] rehabilitation quality of care measures, 53 and rehabilitation research design strategies. 54 
